INTRODUCTION
Stroke that does not lead to death can cause impairments and changes that vary according to the area and extent of the injury. 1 The impairments can be sensory, motor and/or cognitive and interfere with the performance, functional motor capacity and quality of life of the individual. Hemiparesis or hemiplegia is an important stroke motor sequel that consists of a physical state composed of weakness or unilateral paralysis, respectively. 2 One notable deficit presented by the hemiparetic individual is the greater involvement of the upper limb (UL) contralateral to the brain injury. 3 Consequently, the non-affected upper limb starts to perform most of the functional tasks and causes a higher disuse of the paretic UL. 3 Constraint-induced therapy (CIT) is an important intervention to improve the upper limb motor functions and is recognized as the gold standard for rehabilitating patients with stroke impairments. 4 The CIT components include immobilization of the unaffected UL, specific and intensive training tasks for the affected UL and the behavioral methods package, which serves as the technical differential. So, CIT improves dexterity, the perception of arm and hand use, the quality of movement of the affected UL, and the quality of life of patients with stroke impairments. 4 CIT generates long-term effects and its benefits can last for at least two years after the end of the protocol. 5 However, as the left and right hemispheres of the brain are specialized for specific functions 6 , the patient's hand dominance should be considered when evaluating the maintenance of the results. 3 There are indications that the recovery of the various functional movements levels of the affected hand is based on hand dominance prior to the injury. 3 Previous manual dominance has been mentioned as an important factor in UL motor skill performance, presenting better speed, accuracy, coordination and strength than the UL found on the non-dominant side. 6 Predictors that have potential to influence the CIT results are the side of stroke, the time since stroke, age, sex, and ambulatory status. 7 Lima et al. (2014) 8 evaluated the influence of previous manual dominance on the CIT protocol and although in the immediate results there was no difference between groups, at the 3-month follow-up measure only the individuals whose paretic upper limb was the dominant maintained the results. Langan and van Donkelaar (2007) 3 suggest that prior manual dominance may have higher influence when the post-stroke functional deficit is higher, but this has not been proven. Although dominance is discussed in these aspects, there is no scientific data related to the interference of previous manual dominance in performing unimanual and bimanual activities, considering 1-year follow-up beyond the immediate results.
According to Hayashi and Nozaki (2016) 9 , the training of a specific task in a unimanual manner is beneficial because once the task is first trained in this way, the same action can be practiced bimanually more easily thereafter. The authors demonstrated that the learning of new movements is partially transferred to the moving arm when the contralateral arm is restricted (immovable).
Thus, our hypothesis is that previous manual dominance influences the immediate and longterm outcomes of CIT in unimanual and bimanual activities in post stroke patients. To test this hypothesis, we analyzed the influence of hand dominance prior to injury on the immediate CIT results in post-stroke hemiparetic patients as well as the result maintenance for at least 12 months for both unimanual and bimanual activities.
METHODS
From 2009 to 2014, the CIT protocol was performed on 119 patients with a stroke diagnosis and more than three months of injury. To receive the therapy, the patients had to meet the motor and cognitive criteria established by the original CIT protocol. All patients underwent the protocol currently recommended by the University of Alabama at Birmingham (i.e., 10 consecutive days for 3 hours/day). 10 All procedures were approved by the Committee of Ethics and Research from the institution, according to the Approval Number 1179052.
The motor criteria were as follows: 45° shoulder flexion and/or abduction, 20° elbow extension, 10° wrist extension, at least 10° of metacarpophalangeal and interphalangeal extension of at least two fingers and 10° of thumb abduction and/or extension. The functional levels were classified based on the active range of motion of the shoulder, elbow, wrist, fingers and thumb of the affected UL. The score of CIT's motor degree scale is gradual and ranges from two to five points, in which a score of two corresponds to a mild impairment and five corresponds to a serious impairment. 11, 12 The cognitive criteria included the individual being able to follow simple commands, understand the technical objectives, commit to participate and answer the protocol scales appropriately. Although there is no consensus in the literature regarding the most appropriate method to evaluate these criteria, the majority of researchers use the Mini-Mental Statue Exam (MMSE), whose score is often adopted as a cutoff greater than or equal to 24.
For this study, we selected 34 patients with a functional level of 2 (mild or moderate impairment) on the functional ability scale 11, 12 and a MMSE score greater than 24 points who answered all necessary scales prior to and after treatment and on each of the 10 days of therapy. Another 85 patients were excluded because they had missing or illegible data on their medical records or because they did not attend the follow-ups at 1, 3, 6 and/or 12 months.
According to literature, when the affected hand is the dominant hand, this is called "concordance". 13 So, this terminology will be used here to refer to this population. Although literature recognize the Edinburgh Inventory(14) the standard to determine previous manual dominance, the manual dominance was determined by the hand that the patient used to write before the injury. (8) Thereby, the selected patients for the study were divided into two groups -CG (concordance group): n = 18, dominant hand affected by stroke and NDG (non-dominant group): n = 16, non-dominant hand affected by stroke. The baseline demographic and clinical characteristics for each group are presented on Table 1 .
Patients (n=34) Concordance Group (n=18)
Non-dominant Group (n=16) The CIT has its own evaluation scales, the Motor Activity Log (MAL) and the Wolf Motor Function Test (WMFT), which have both been validated for application in Brazil. 5, 15 The main evaluation instrument to assess and monitor the CIT results is the MAL, which allows evaluators to assess self-reported paretic arm level of activity outside the therapeutic environment. The MAL scores reproduce the competence of the individual in performing the daily living activities 16 and the scores are given by the patient. 17, 18 The MAL is a structured interview applied at pretreatment, post-treatment and on the subsequent follow-up visits. The scale assesses the patient's perception about the real use of the affected upper limb through thirty common functional tasks in the patient's daily life and is divided into two subscales: amount of use (AOU) and quality of movement (QOM). The score ranges from zero to five points, that is, zero indicates no use of the affected arm during the activity and five represents the use of the affected arm as often/well as before the injury. (17, 18) For the analysis, the tasks were divided according to their characteristics [unimanual (n=24) or bimanual (n=6)] to establish criteria to quantify differences between the concordance and non-dominant groups. We also identified and analyzed the AOU subscale items considering the pre-treatment, post-treatment and one-year follow-up examinations to identify whether there were any specific tasks in which the patient lost quantitative long-term use. Use of the affected upper limb below 50% on the AOU subscale (a score of 3 for AOU in the upper limb) was set as a risk for asymmetry reoccurrence. 5, 19 The WMFT is a scale that measures the upper extremity movement ability to execute fifteen unimanual tasks, which include isolated movements and functional activities, by timing how long it takes the patient to perform each task. The final score is determined from the arithmetic mean. (15) According to Wolf et al (2001) 20 , the activities are performed in gradual complexity, advancing from axial to distal joint, testing the total speed and quality of movement, and require simple tools and minimal training to be applied.
The two scales (MAL and WFMT) were used in this study to evaluate the immediate effects of the technique, but only the MAL was used to analyze the maintenance of the results at the followup examination 5 because the WMFT was performed only before and after treatment according to the protocol. 12 Data including gender, age, period of injury and rehabilitation prior to the CIT were collected to characterize the samples. The sample calculation was made considering the study of Lima et al.
(2014) (8) , which used a similar method. We used the G*Power software, repeated-measures ANOVA, α 0.05, β 0.80, 2 groups, 2 measurements and an effect size (difference between groups) of the endpoint scales (AOU and QOM -Motor Activity Log) which were f=2.2 and f=0.6 respectively. These values gave a sample size of at least 24 patients to a β power of 0.80.
Data normality was tested and Two-Way ANOVA for repeated measures test (factor: groups and time of evaluation) was used for AOU and QOM for unimanual and bimanual activities and also for WMFT analysis. For between groups comparison at each time point (pre-treatment, posttreatment and annual) for MAL unimanual and bimanual separated activities, an unpaired t test was employed. Cohen's d was used for effect size determination and the values are presented at the figures legend. The statistical analysis was performed on the SPSS V17, Minitab 16 software with a statistical significance level of p <0.05.
RESULTS
There was a significant difference for the factor time of evaluation for AOU and QOM for both unimanual and bimanual activities. CIT improved the AOU of the affected upper limb in uni-(F5,160= 139, p<0.0001) and bi-manual (F5,160=54.77, p<0.0001) tasks immediately after the treatment (pos-treatment) and throughout the follow-up. Similarly, QOM was also improved by CIT in uni-(F5,160= 104.4, p<0.0001) as well as bimanual (F5,160= 94.59, p<0.0001) tasks. No effect for the factor groups was observed (Figures 1 and 2 ), indicating that there was no difference due the previous manual dominance. When the MAL activities were divided into unimanual (n=24) and bimanual (n=6) tasks, we observed only three tasks with significant results after comparison between groups. During pretreatment, task number 4 (pick up the phone, p=0.025) and task number 26 (use a fork or spoon for eating, p=0.025) showed significant results, with the NDG demonstrating less use of the affected upper limb. During post-treatment, only task number 28 (pick up a cup by the wrist, p=0.042) was significantly different between the groups, with the CG demonstrating less use of the affected upper limb. For all tasks, there were no significant differences between groups during the follow-up examinations for at least until 1 year after the end of the protocol.
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CIT increased significantly the movement execution speed, as determined by the WMFT (effect of the factor time of evaluation, F1,32= 20.25, p<0.001). Again, no difference for the factor groups was found (Figure 3 ). 
DISCUSSION
Patients with stroke impairments may experience an increase in the use of the less affected UL and consequently a decrease in the use of the affected UL when performing their daily living activities, which characterizes "learned nonuse". 21 When patients fail in the attempt to accomplish a certain motor activity, behavioral suppression occurs for the execution of that movement. This, in turn, leads the patient to significantly reduce the functional use of the affected UL when combined with brain damage and a decrease in cortical representation areas. 12 This non-use also weakens certain muscle groups and decreases the upper limb's ability to perform both types of activities (unimanual and bimanual). 8 Given the previously mentioned factors, it is extremely important to treat these deficits. According to Langan and Van Donkelaar (2008) 3 , CIT has short-and long-term benefits. However, it is clear that the majority of the population executes daily living activities more efficiently with one of their upper limbs, which reveals dominance. 8 compared the immediate CIT results and their maintenance for up to 3 months in patients with mild to moderate chronic stroke impairments considering their previous dominance. Similar to our results, acquisition of abilities (the difference between pre-and posttreatment) was not affected by previous manual dominance. However, regarding the maintenance of the results, they concluded that for unimanual activities the dominance was a relevant factor at 3-month follow-up, whereas in this study both CG and NDG group were able to maintain their previous gains for up to 1 year in unimanual and bimanual activities. This contrast of results may be due to the fact that Lima et al. (2014) 8 classified the degree of commitment of their patients by the FuglMeyer scale, which despite being widely used for post-stroke patients, can generate a distinct classification of the CIT's motor degree scale 12 , allowing the inclusion of individuals with different degrees of severity that would not usually be included. In addition, in the study cited, the subjects were submitted to the home-based modified protocol of CIT, while in this study the subjects were submitted to the original and standardized protocol, which may be a factor that will strengthen our results.
There is limited discussion in the literature on the ability of post-stroke individuals to perform unimanual and bimanual activities. Gosser and Rice (2015) 22 suggested that the unaffected UL showed continuous movement strategies in patients with stroke impairments and in contrast the affected UL presented discontinuous movement patterns. The authors also suggested that many patients were not able to perform bimanual activities after a stroke, which was notably harmful for their functionality because many daily living activities involved both upper limbs in coordinated movements. Other authors reported that the unaffected UL needed to adapt its movements to the restrictions imposed by the affected UL in these types of tasks. 23 Thus, Gosser and Rice (2015) 22 suggested that both unaffected and affected ULs had higher execution speeds in unimanual activities than in bimanual activities because there was no interference from the contralateral limb during the unimanual activities.
The results of our study contradict the affirmations mentioned above because there were no significant differences between the CG and NDG in either the quantity or the quality of UL use or in the speed of movement execution in the unimanual and bimanual activities predetermined by our rating scales. Therefore, we show that the CIT protocol is effective at improving the ability of the affected UL in both types of tasks independent of previous dominance. In a study administering the 6-hour/day CIT protocol for 10 days, Fritz et al. (2006) 7 found that previous manual dominance was not a predictor of outcomes in the posttreatment and up to 6-months of follow-up. Although the authors had not separating the activities into unimannual and bimanual, they presented similar findings to those presented here.
Moreover, as mentioned previously, learned nonuse is a serious consequence of stroke sequels. In a study that investigated the symmetry of use of the upper extremity in healthy and poststroke patients, the authors concluded that healthy subjects use the hands in a nearly symmetrical way, but post-stroke patients have significant less use of the affected hand. 3 This fact reinforces the evidence of learned nonuse, and strengthens the importance of our result as it shows a more symmetrical use of upper limbs after the CIT protocol in post-stroke patients.
The motivational factor and the behavioral package are the two main points of discussion between the results presented here and the current literature 24, 25 . With respect to motivation, individuals who have neural injury impairments on their dominant side express greater motivation to be able to use the affected hand as they did before. Moreover, because individuals with impairments on their non-dominant side are less motivated to use this side after injury, they have greater difficulty in completing the therapy protocols. (18) Regarding the behavioral package, according to 25 , it consists of an aggregation of commonly used techniques in the field of behavioral analysis that can be employed as a resource for the treatment of a wide variety of conditions. However, the authors affirm that it has not been used continuously for rehabilitation, which suggests that this is the CIT differential, since CIT is characterized as a primarily behavioral intervention 26 . Stock et al. (2015) 24 proposed that the motivational factor was linked to the perception of the successful use of the affected UL because the patient felt more motivated to use that UL when improvement was realized. Regarding the transfer package, 25 reported that this package helped the patient to become an active subject in his own rehabilitation, which allowed wellestablished tasks to be performed at home and the patient to be immersed in his therapy for a significant amount of the day. These studies give support to the two major points of discussion raised here -motivational factor and behavioral package. This demonstrates the importance of the protocol independent of previous manual dominance, since we didn't find statistical difference between the groups in any of the evaluated moments (pretreatment, post-treatment and the subsequent followup) for both unimanual and bimanual tasks.
Our findings represent preliminary information about this topic and suggest the efficacy of the CIT technique at reversing learned nonuse regardless of manual dominance prior to the injury. In conclusion, based on our data, it is possible to propose that previous manual dominance should not be used as an eligibility criterion for patient participation in CIT protocol, as it did not affect the improvement in the amount and quality of use in both unimanual and bimanual activities, showing that the patients may have the same potential for functional improvement following CIT.
Study Limitations
There are few limitations of our study including not using a prospective design and the Edinburg Inventory to determine previous manual dominance. Also, we did not use blind evaluators to avoid bias by the evaluators performing the protocol, a control group with conventional therapy and a follow-up after 2 years to continue monitoring the long-term effects. Although the sample size presented here was statistically adequate, it could be interesting future studies to replicate the method with a larger sample.
